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Abstract 
Innovations in user interaction technologies play an increasingly important role in the marketing of products and services. This 
paper presents a systematic and easy-to-update method for the evaluation of innovations. It discusses criteria for selecting 
innovations for consumer products and an approach for the definition of selection criteria for defence and safety-critical 
organisations and industries. Those criteria are illustrated in the example of use cases from ARTEMIS project HoliDes 
addressing adaptation features in the workplaces of control room operators. 
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1. The role of innovations in user interaction technologies 
User interaction technologies play a vital role in providing an excellent user experience and product usability. 
They are an essential part of the user interface, which is a key element of the user experience: the user interface is 
the visible and tangible part of the product and the enabler of the interaction, and thereby, of the user.  
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Novel user interaction technologies have the potential for increasing the user’s effectiveness, efficiency and 
satisfaction with the interaction, in other words, for increasing the product’s or system’s usability. Furthermore, in 
some industries, advanced interaction technologies can be employed as key unique selling points. They can readily 
convey the message that a company and its products are innovative, thereby boosting a company’s brand image. 
Innovative user interaction technologies can be used by a manufacturer to market new product variants or 
concepts. However, the evaluation of interaction technologies requires the investment of ressources, which raises the 
question of how to best collect and review interaction technologies, and on which criteria to base the decision on 
which technologies to follow up or even implement in the form of demonstrators. 
2. Roadmaps of novel interaction technologies 
The collection and review of upcoming interaction technologies require a systematic and easy-to-update 
approach. One approach based on technology roadmaps is introduced in ETSI Guide EG 202 848 [1]. In that 
document, interaction technologies for different input and output sensor modalities (e.g. acoustic/audio, kinesthetic, 
presence/location/proximity-based, smell-based, taste-based, touch-based, haptic, and visual technologies, see Table 
1) are introduced in the form of individual technology roadmaps (see Fig. 1 with the example of an interaction 
technologies  roadmap for audio/acoustic input technologies).  
         Table 1. Input and output sensor modalities covered by ETSI EG 202 848 [1]. 
Input technologies Output technologies 
Acoustic/audio input Acoustic/audio output 
Kinesthetic input Haptic/tactile output 
Presence/location/proximity-based input Smell-based output 
Recognition/mood/activity-based input Taste-based output 
Smell-based input Visual output 
Touch-based input  
Visual input  
 
The intention of the ETSI Guide was to evaluate upcoming integration technologies with the aim of anticipating 
obstacles in their use by people with disabilities. However, the method employed for grouping technologies and 
locating them on a timeline is suitable for any range of interaction technologies in any industry. 
Main characteristics of a roadmap-based approach that make them useful are: 
 
x a graphical representation of individual interaction technologies along a time axis and technology sub clusters 
(e.g. ‘Advanced Microphones’, or ‘Voice-input technologies’ as sub clusters of ‘Acoustic/audio input 
technologies’) makes the roadmaps easy to read; 
x maintaining the roadmaps on a widely available platform such as Microsoft PowerPoint makes them easy to 
update when new technologies are added or expected introduction dates have to be corrected; 
x information in a structured format on each of the technologies monitored offers background material on aspects 
such as possible use cases, deployment aspects and providers. 
 
 As an example, the so-called Communications Badge depicted in Fig. 2 is a working prototype of a personal 
communications device for placing and accepting calls or for initiating a verbal inquiry. Table 2 lists the kind of 
information that could accompany the technologies covered by a technology roadmap. For the example of the 
Communications Badge, this includes use cases (in cars, in smart homes, mobile), relevant related technologies (e.g. 
personal mobile loudspeakers and MEMS microphones), and deployment pros and cons (location-independent 
functionality vs. potentially low battery performance). 
This approach of monitoring upcoming interaction technologies has proved effective for joint maintenance and 
review and is arguably the most cost-efficient way for conducting this kind of work. 
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Fig. 1.Interaction technologies roadmap for audio/acoustic input technologies (from [1]). 
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Fig. 2. The Communications Badge concept of a personal communicator. 
Table 2. Characteristics of an interaction technology (example Communications Badge). 
Characteristic Definition 
Name Communications badge 
Description A personal wearable communications device that is worn like a brooch or necklace comprising at least a 
microphone and a loudspeaker, and that is being used for comfortably communicating with a person or entity 
(e.g. a smart home) for longer periods of time. 
Mass market deployment By 2015 
Sub category Advanced microphones 
Related technology - Personal mobile microphone 
- Personal mobile loudspeaker 
- Adaptive directive microphone 
- Intelligent (MEMS) microphone 
User cases - In-car use 
- Smart home use 
- Mobile use 
Cultural issues - In some cultures, men will not feel comfortable wearing a device that looks too much like jewellery (e.g. a 
brooch); therefore a more neutral alternative with a 'technical' look should be offered as well.  
- In some cultures, users will be sensitive to being overheard unintentionally. 
Benefit for users - Comfortable hands-free communications and voice control. 
Deployment pros - Offers location-independent personal audio input and output functionality for interacting with smart 
environments (e.g. smart home). 
Deployment cons - Requires high battery performance to operate for longer periods. 
Implementation requirements - Consider alternative power supplies. 
3. Selecting interaction technologies for consumer products and services 
But what are criteria for choosing an advanced interaction technology for a product? In the consumer industry, 
novelty is a value in itself. It can contribute to an innovative brand image and convey the promise of providing the 
fun of being able to do things differently or more playfully. Other consumer products may strive at providing ways 
to do things in a more comfortable way or at offering more new features.  
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A novelty that does not support a new functionality or an existing functionality in a better way, may have only 
limited commercial success. Matthis [2] proposes the approach described in Table 3 for identifying opportunities for 
novel products or functionalities. 
       Table 3. Approach for identifying consumer product opportunities [2]. 
Find Problems Find Solutions 
Find out what people are currently doing. Find a way of making what they are already doing easier and 
more efficient. 
Find out what people have to do but really dislike doing. Find a way of making the things they dislike obsolete, or at least 
more fun. 
Find out what they would like to be doing. Find a way of making what they want to be doing possible. 
 
We could, for example, observe people at a bus stop. They are waiting for the bus, which by many of them is 
considered a waste of time. This process becomes easier and more efficient, if we offer the passengers online 
information of the bus schedule so that they can minimise the waiting time, and we can present additional 
information at the bus stop about the expected arrival time of the bus. If minimum waiting times cannot be avoided, 
an infotainment system could present news and cartoons on a monitor. If, however, the passengers don’t really like 
using the bus, but would actually prefer to use a bicycle, even though they are not physically fit enough for doing so, 
we could offer them an electric bike.  
A more systematic approach employs empirical methods for identifying the right mix of functions for a given 
target group. The “User Needs Analysis“ approach raises the following questions: 
 
x Who are the users, what do they know, what can they learn? 
x What do the users want to do or what do they have to do? 
x What is the general background of the users? 
x What is the context in which the users are active? 
x What should be left to the machine? 
 
Approaches of this kind provide insights into what a potential future user of a consumer product may find useful. 
4. Selection criteria for defence and safety-critical organisations and industries 
For defence and safety-critical organisations such as the police, the fire brigade or air traffic control services, the 
requirements are very different. The near-perfect performance of the human operators working in those 
organisations is expected from those benefiting from those services (e.g. an air traffic control service that 
temporarily cannot be reached is not acceptable).  
It can be argued that interaction technologies for control rooms of defence and safety-critical organisations 
should only be selected if they positively affect one or several of the following parameters: 
 
x The organisation’s system performance 
x The individual’s performance (effectiveness, efficiency, satisfaction) 
x The individual’s safety, survival, occupational health, and well-being 
x The organisation’s total cost of ownership (TCO) 
x The organisation’s rate of mishaps. 
 
In other words, if and only if an advanced interaction technology positively affects one or several of those aspects 
it should be integrated into the system design. 
Additional requirements may apply that depend on the type of service offered. In the case of control rooms of 
safety-critical organisations, the work is characterised by alternating periods of very high and very low activity. 
Both high and low workloads present problems to the control room operators. If the workload is too high, the 
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operators may find it difficult to cope with the number and criticality of events that they have to deal with. If, on the 
other hand, the workload is too low, the operators are likely to get bored and engage in other activities making them 
temporarily unavailable if their presence and full concentration become requested at short notice.  
5. Use cases from ARTEMIS project HoliDes 
To illustrate how novel user interaction technologies can be integrated into the workplaces of a safety-critical 
control room environment, use cases from ARTEMIS [3] project HoliDes are presented as examples.  
The project acronym HoliDes stands for “Holistic Human Factors and System Design of Adaptive Cooperative 
Human-Machine Systems”. HoliDes addresses “development and qualification of Adaptive Cooperative Human-
Machine Systems (AdCoS) where many humans and many machines act together, cooperatively, in a highly 
adaptive way to guarantee fluent and cooperative task achievement” [4].  
The focus of the project is to go beyond existing systems that adapt within the interaction between one human 
and one machine, and to extend this scope and considers cooperation between many machines and many operators. 
The project therefore investigates new ways to pro-actively communicate system adaptations to human operators, 
according to the operators’ situation and capacities. Further aims of HoliDes are: 
 
1. to reduce the cost of System Development in particular compliance with human factors and safety, 
2. to reduce needed development cycles when applied to innovative and ambitious AdCoS, 
3. to foster Embedded Systems for AdCoS that are reusable in different safety critical domains. 
 
The control room domain of project HoliDes realises a number of use cases that employ novel interaction 
technologies based on image and IR technologies to enhance the organisation’s overall effectiveness. Three of those 
use cases are presented as examples. 
5.1. Use Case 1: Operator absent from or idle at workplace  
 This use case addresses the problem that operators may be absent from their workplaces for longer periods of time. 
The adaptation becomes active if an operator is absent from his workplace for a longer than the accepted period of 
time. For this purpose, presence/location/proximity-based input technologies are employed in the form of IR sensors 
that reliably detect the presence of a human at the workplace (the system cannot be fooled by placing a picture or 
human-shaped object in front of the sensor). The system calls the operator back to his workplace by discrete 
electronic means, employing haptic/tactile output technologies. If the operator doesn't return to his workplace after a 
defined length of time, his supervisor is informed. Through this mechanism, the use case avoids the absence of 
operators when unexpected and critical situations arise.  
A variant of this use case addresses the problem that operators may fall asleep at their workplaces during quiet 
night shifts. The adaptation becomes active if an operator is registered as idle (an IR sensor registers him as present 
but not moving) for a longer than the accepted period of time. The system “nudges” the operator by means of the 
electronic actuator in order to wake him up. If he still doesn’t display any sign of activity after a defined length of 
time, his supervisor is informed. Through this mechanism, the use case avoids the lack of responses of operators 
when unexpected and critical situations arise. 
5.2. Use Case 2: Operator tired at workplace 
 The second use case addresses the problem that operators may become tired during quiet night shifts, thereby 
losing concentration and attention. The adaptation becomes active if it registers signs of fatigue in an operator. This 
is achieved by employing visual input technologies that are based on eye tracking for the detection of signs of 
fatigue (as defined by specific eye-lid behaviours). The system “nudges” the operator by means of the electronic 
actuator in order to motivate him to take measures to stay awake. Through this mechanism, the use case avoids the 
lack of attention and responsiveness of operators when unexpected and critical situations arise. 
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Fig. 3. Usability test with test subject from a military target user group. 
5.3. Use Case 3: Registration of unusual behaviour patterns  
 This use case addresses the problem that perpetrators can observe a safety-critical control room such as a border 
security station and spot regular behaviour patterns. They can later exploit these by scheduling illegal activities 
during those periods when the operators are likely to be absent or otherwise unresponsive. 
The adaptation functions by logging behavioural patterns (in particular absence of operators from their 
workplaces) and analysing them for exploitable gaps. The border security centre’s management can use those 
patterns to raise the operators’ awareness of the potential dangers of regular and exploitable behaviour patterns. 
Through this mechanism, the adaptation avoids threats to the border security operation through observable and 
exploitable habits. 
6. Summary 
Novel interaction technologies offer the potential to increase the usability of a product or system also in a defence 
or safety-critical environment in which special requirements apply. Collecting and reviewing forthcoming 
interaction technologies in the form of technology roadmaps is an efficient and cost-effective approach that 
integrates all relevant data for each observed technology. Use cases from ARTEMIS project HoliDes were presented 
that document how novel interaction technologies (if confirmed in usability tests, see Fig. 3) can increase the 
effectiveness of the operator and consequently of the entire organisation. 
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